In a recent publication (1), the first part of our study on the characterization of the synovial fluid proteins, evidence was presented that the protein components of pathological joint fluid are identical with those of blood plasma. In the present communication the proteins of postmortem synovial fluid from patients who had no signs or symptoms of joint disease are described.
This study was carried out in three sections. First, postmortem synovial fluid was analyzed electrophoretically. Secondly, immunoelectrophoresis was performed to gain information concerning the nature of the proteins of postmortem joint fluid. Thirdly, to quantitate the latter results the proteins were separated into six solubility groups by the low temperature-low salt-ethanol procedure, Fractions I-VI, and further characterized.
MATERIAL AND METHODS
The synovial fluid specimens were aspirated within 5 to 10 minutes after death from knee joints of patients clinically free of joint disease. The specimens were collected without anticoagulant; they appeared clear, i.e., no clot was observed. They were kept at -300 C. until enough material had been obtained to start investigation.
The volume, protein concentration and cholesterol content of individual and pooled samples were measured (1). No attempt was made to determine the exact degree of edema, although the largest volumes of fluids were obtained from patients with probable edema.
To render possible the characterization on the synovial fluid proteins, prior to analysis all joint fluid samples were incubated at 370 C. for a two hour period with 0. Tables I and II , the incubation time had to be extended to three hours because the viscosity was reduced at a much lower rate. As shown earlier (2), hyaluronidase does not alter the plasma or synovial fluid proteins and does not influence their analyses.
Immunoelectrophoresis has recently been described in detail (1, 5-7). The synovial fluid specimens used for the present analysis and listed in Table I were digested separately with hyaluronidase, combined and lyophilized. The residue was dissolved in 2.5 ml. of distilled water.
dialyzed.against water at 20 C. for 8 hours to remove most of the inorganic salt and further dialyzed against pH 8.6, r/2 0.07 borate buffer for 17 hours. The resulting solution which had a volume of 4.0 ml. and a protein concentration of 7.5 per cent was then employed for immunoelectrophoresis.
The procedure for the fractionation of the proteins, based on the low temperature-low salt-ethanol method in conjunction with the use of heavy metal ions, has also been described in detail (2) . The joint fluid samples employed for these investigations had been aspirated from 40 knee joints and were digested individually with a total of 17 mg. of hyaluronidase dissolved in 15 ml. of 0.15 M NaCl solution. They were pooled with a resulting volume of 114 ml. corresponding to 2.4 ml. per knee joint. This series showed a large variation in the individual fluid volumes (0.5 to 6.0 ml. per joint) and in the color (from almost colorless to dark brown). Most of the samples had a high viscosity as judged by their gel-like appearance. Two samples were of medium viscosity and only one exhibited a low viscosity. For the fractionation of the proteins 80 ml. of the digested fluid was used. The methods employed for the subsequent characterization of the synovial fluid proteins were the same as those applied previously (1). Normal human plasma was fractionated simultaneously to make possible a comparison of the proteins of these two body fluids.
RESULTS

I. General observations
The frozen synovial fluid specimens appeared turbid when thawed and, following enzymatic di- synovial fluid, as observed under standard conditions (pH 8.6, r/2 0.1 diethyl-barbiturate buffer), indicated that of proteins present, the relative proportion of albumin was higher in joint fluid than in normal plasma (Table II) . The relative increase was most pronounced with fluids of patients from whose joints only a small volume of fluid could be aspirated (Group 6, Table II ).
Furthermore, the presence of a,-and a2-globulins as well as the other electrophoretic groups of globulins corresponding to those of plasma were observed consistently (8, 9) . The relative concentration of these proteins could easily be determined since the analyses were performed on specimens which had been digested with hyaluronidase (Tables II and III) . In undigested specimens the high viscosity produced by hyaluronic acid blurred the electrophoretic patterns sufficiently so as to make quantitative measurements difficult.
Typical of all fluids reported in Tables II and  III was the relatively low concentration of the a2-globulins which was consistently lower than that of the a1-globulins (1, 10) in contrast to the distribution of the proteins of normal plasma. The electrophoretic albumin-globulin ratio ranged from 1.4 to 2.1, as compared with a value of 1.2 for normal human plasma. Electrophoresis at pH 4.5 suggested the presence of orosomucoid (11, 12) and certain a2-glycoproteins distinguished by their low molecular weights (13) .
B. Immunoelectrophoretic investigation. The average protein concentration of the synovial fluid specimens employed for the immunoelectrophoresis was 2.7 per cent and the average volume 1.0 ml. per knee joint (Table I) The number, intensity and relative position of the precipitin lines which were essentially the same for both synovial fluid and normal human plasma suggested that most of the proteins of postmortem synovial fluid are, with respect to many properties, very similar to those of plasma. This similarity of the --globulins of joint fluid to those of plasma was further proven by the closing of the corresponding precipitin zones, which is indicated in Figure 1 by the arrow on the left. The blood serum analysed simultaneously with the synovial fluid showed an additional unidentified component in the f,2-globulin region. Most of the postmortem as well as the traumatic synovial fluids showed a prealbumin component which is probably identical with that of serum (14, 15 (Table I) were treated with hyaluronidase prior to electrophoresis. "A" points to the position of application. Electrophoresis was carried out in borate buffer, pH 8.6, r12 0.07, containing 2 per cent agar, for 17 hours at 180 V. and 40 ma. The arrow on the bottom indicates the direction of the electrophoretic movement of the proteins towards the anode. After electrophoresis the troughs between the agar sections indicated by arrows on the right were filled with horse serum against human serum. Therefore, the precipitin zones formed symmetrical patterns. According to this analysis the joint fluid is devoid of a strongly antigenic protein of the #2-globulins which is clearly visible in the picture of the serum. The y-globulins of synovial fluid and normal serum produced precipitin lines which formed a closed system (not visible), the position of which is indicated by the arrow on the left. (17), and less than 0.2 per cent of uronic acid determined by the method of Fishman and co-workers (18) . It was concluded that this material did not contain significant amounts of hyaluronic acid breakdown products and represented, at least in part, denatured protein.
As judged by the characteristics of the protein fractions [the distribution of the cholesterol between Fractions III and IV; amount, purity and electrophoretic mobility of the y-globulin in Fraction II; low content of albumin in Fraction IV and high purity of the albumin in Fraction V (1, 2)1 derived from normal human plasma that had been fractionated simultaneously with the synovial fluid, it must be concluded that the deviations observed with these synovial fluid protein fractions (y-globulins not extractable as Fraction II, relatively large amount of Fraction VI) did not stem from the fractionation process. but were inherent in the synovial fluid itself.
The characterization of the synovial fluid proteins based upon the investigations of the six protein fractions revealed the following results: The distribution of the proteins among the fractions was similar to that of normal human plasma. The hexose content of the corresponding fractions was the same within the error of the method. The hexose content of Fraction V was low and that of Fraction VI high as found previously in the corresponding fractions of pathological fluids (1).
Fraction I dissolved readily at room temperature in the appropriate salt solution (1) and remained clear for at least 14 hours, i.e., no clot was formed. Upon prolonged cooling (17 hours) at 20 C. insoluble material separated which dissolved easily when the suspension was warmed to room temperature. This solubility property is characteristic of the so-called "cold insoluble" globulin (19) . The y-globulins which usually represent the major component of Fraction II could not be extracted from Fraction II plus III probably because of the presence of only a relatively small amount of 81-lipoprotein which, in addition, had perhaps been partially denatured by the process of repeated freezing and thawing. Indeed, the y-globulins remained in Fraction III as judged by electrophoretic analysis and from the results of the determinations of the antistreptolysin-O and diphtheria antitoxin content. The antistreptolysin-O content amounted to 12 to 16 units per ml. of the digested pooled synovial fluid, a value which, after correction for the protein concentration, is essentially the same as that found for pooled, normal human plasma' (76 to 80 units per ml.) collected in the New England area. The isoagglutinin titer of Fraction III suggested that these protein components were precipitated completely in Fraction III. As expected, ceruloplasmin and the larger part of the cholesterol content were also rendered insoluble in this fraction. Recent those of the corresponding fraction of certain pathological joint fluids (1) and suggested the identity of the synovial fluid proteins with those of normal human plasma. Fraction IV was analyzed by the same technique. The formation of closed systems of precipitin lines (Figure 2a) again strongly suggested the identity of these proteins with those of normal human plasma. The capacity of the albumin present to bind 2-(4' hydroxybenzeneazo-) benzoic acid (HBABA) (22) supported the latter finding (Table III) Dark lines indicate the position of application. Electrophoretic movement of the proteins was from left to right towards the anode. Staining was done with Amidoschwarz lOB. For comparison Fraction VI of normal human plasma designated as "Plasma" was analyzed simultaneously. Top pictures represent the analysis at pH 8.6 in diethyl-barbiturate buffer, F/2 0.1. Bottom pictures represent the analysis in pH 4.5 acetate buffer, r12 0.1. Due to the flow of buffer in the direction of the electric movement the albumin which is essentially immobile under the latter conditions was displaced to the right. Fraction VI contains albumin, low molecular weight acidic a1-and a2,-glycoproteins and fir-and fi2-globulins (11) (12) (13) . The designations on the top and bottom pictures, Alb, a,, a2, #,, and P2, refer to the same proteins. may have preferentially been excluded during the passage of the blood proteins through the synovial tissue. Fraction V was of yellow color, in contrast to the colorless quality of the corresponding plasma fraction, and consisted for the most part of albumin as judged by its solubility, sedimentation constant, electrophoretic mobility and relatively low content of protein-bound hexose. The relative capacity of the albumin present in this fraction to bind HBABA was 0.7. The corresponding value of Fraction IV was 1.0 and that of the pooled digested synovial fluid 1.3 as compared with a value of 1.0 for pure human serum albumin. The found deviations in the albumin determination obtained by this dye-binding method have already been reported (1) and were not significant as could be shown with known artificial protein mixtures. Immunochemical analysis of this fraction by the Ouchterlony method ( Figures  2b and 2c ) strongly supported the finding of the identity of the synovial fluid proteins with those of normal plasma. Fraction VI was composed of 110 mg. and was approximately fivefold the weight of the corresponding fraction derived from the same amount of normal plasma proteins. In addition paper electrophoresis at pH 8.6 and 4.5 ( Figure 3 ) indicated a relatively increased amount of orosomucoid ( 11 ) and certain f,3-globulins and a relatively low content of the low molecular weight a2-glycoproteins (13) . Again a yellow color was noted in this fraction-thus, by the method of fractionation the proteins of postmortem joint fluid proved to be identical with those of blood plasma.
DISCUSSION
The characterization of the proteins of postmortem synovial fluid was carried out essentially in the same manner as presented in an earlier paper on the characterization of the proteins of pathological joint fluid (1). It was based to a large extent on methods which measure general and specific properties of blood plasma proteins. From the results obtained during this study it was concluded that essentially the total amount of the synovial fluid proteins is derived from blood plasma as judged by the employed criteria.
In the present investigation certain properties of postmortem synovial fluid reported by others were confirmed. The volume of fluid which could be aspirated from the knee joints of patients free from joint disease and edema, was found to vary within the range reported earlier by Ropes (24) is approximately the same. Most synovial fluid samples investigated during this study showed that the relative proportion of albumin was increased over that of certain pathological joint fluids (1, 10) and that of normal human plasma. A similar increase has previously been noted in traumatic synovial fluid (1, 10). However, the fluid volume found in traumatic arthritis is severalfold larger and the viscosity considerably lower than the corresponding values of postmortem joint fluid from patients free of joint disease. Further, the significantly elevated albumin-globulin ratio, particularly of the specimens of Group 6 in Table II , agrees with that of normal human synovial fluid (8) , although it is difficult to evaluate exactly the significance of the percentage of albumin since some of our cases included patients with diseases often characterized by a lowering of the percentage of albumin in the blood. However, it is known that albumin which has a molecular weight lower than that of the average globulins, but approximately the same shape, permeates into the tissue about one and one-half times faster than the latter (24) . The much more pronounced relative increase of a1-acid glycoprotein (orosomucoid) concentrated in Fraction VI and characterized by an even lower molecular weight (45,-000) but the same shape, is expected on the basis of these considerations. Furthermore, it is interesting to note that such fluids showed the calculated content of y-globulin of 9 per cent (2) .
The demonstration of hitherto unknown properties of postmortem synovial fluid, the consistent presence of the a1-and a2-globulins, the relative concentration of the a2-globulins being consistently lower than that of the a,-globulins, and of the a1-and 81-lipoproteins and of the severalfold increased amount of Fraction VI, are significant for the characterization of joint fluid. Postmortem joint fluid is further characterized by the small quantity which can be aspirated from one knee joint (average, 1.0 ml), its gel-like appearance, the high protein concentration (3 per cent), and the low cholesterol-protein ratio (6 to 16 mg. per Gm.) and by the normal content of y-globulin (9 per cent).
The results of our study further support the general finding that considerable amounts of plasma proteins of the body are in the extravascular system. Gitlin (26) reported on the presence of these proteins in skin and tendon.
SUMMARY
The proteins of postmortem synovial fluid from patients clinically free of signs or symptoms of joint disease have been characterized. As far as investigated they were found to be identical with those of blood plasma. The total amount of synovial fluid protein was essentially accounted for. This conclusion was based on the results obtained by the following methods: electrophoresis, immunoelectrophoresis, low temperature-low saltethanol fractionation and investigation of the obtained protein fractions by ultracentrifugation, electrophoresis, immunochemical analysis and for ion-binding capacity and other biological activities. Components produced solely by the synovial tissue are not excluded.
Taking normal human plasma as baseline, postmortem synovial fluid was further characterized by the following differences: relatively low protein concentration, decreased but distinct content of a1-and ,82-lipoproteins, relatively increased content of albumin and orosomucoid, consistent presence of the a1-and a2-globulins, and the concentration of a2-globulins being consistently lower than that of the a,-globulins. Moreover 
